Away back in 1953 few people in the world, let alone South Africa, knew or had heard about membrane desalination, but there was an increasing awareness that electrodialysis had considerable potential for the desalination of brackish water.
INTRODUCTION
As long ago as 1953 few people in the world, let alone in South Africa, had heard about membrane desalination processes. However, small groups of scientists in England, the Netherlands, France, Israel and the USA had realised that electrodialysis (ED) had considerable potential for the desalination of brackish waters and such other applications as the upgrading of cheese whey, by the removal of excessive salts.
In South Africa the development of the new gold fields in the northern Orange Free State and the problems posed by the presence of comparatively large volumes of very saline mine waters being pumped to the surface stimulated interest in desalination. The CSIR became involved and after some preliminary investigations, a project was launched in collaboration with research institutions in England, Israel, France and the Netherlands, to bring desalination by the electrodialysis process to fruition. Locally a special group was set up in which peopleilike John Wilson, Sybrandus Wiechers, Wim Mandersloot, Piet Malherbe, Brian Cook and others * Council for Scientific and Industrial Research participated. Funding was provided by the mining interests and the CSIR, and in 1959 the largest ED plant in the world at that time, with a capacity of about 7 Ml per day, had been designed, built and commissioned, using membranes that had also been produced in South Africa.
Naturally there were serious teething problems on the early plant and although it served its purpose it had a limited life of only a few years. Fortunately, although some would say unfortunately, the amount of water requiring treatment decreased rapidly as a result of the dewatering of the mines and consequently the incentive and the funding available for further work dried up and the program was stifled Some further important work was done to overcome many of the initial problems that had been identified, but South Africans soon lost the initiative to other players in the United Kingdom and the USA Interest in membrane technology revived in the early seventies, when the first of the newly developed and proven, so called reverse osmosis (RO), desalination plants was commissioned in South Africa. We believe that the honour of this must be accorded to Ames Crosta, who commissioned a small industrial desalination plant at Stewart and Lloyds in Vereeniging. Shortly thereafter a brackish water desalination plant was supplied by Paterson Candy International to Rossing Uranium in South West Africa. This plant was fitted with Du Pont hollow fine fibre (HFF) membranes, which had only been released commercially a few years before, in 1970.
Meanwhile in Stellenbosch, at the Polymer Research Group in the Department of Chemistry, the first tentative steps in the development of reverse osmosis membranes were being taken by Dr Ron Sanderson and Derek Pienaar, in a research and development program that was being funded indirectly by the Water Research Commission, through the National Institute for Water Research. The object was to stay abreast of this new and very promising technology and make it possible to produce membranes locally for the South African market Attention was focused on cellulose acetate membranes and on a new 'thin film composite' (TFC) type of membrane, which had the potential for both higher salt rejections and higher fluxes (outputs) at lower operating pressures.
Co-author Professor Chris Buckley from the Chemical Engineering Department of the University of Natal in a team led by Dr Ray Groves joined the membrane application fraternity in 1976 and it has been my privilege to be closely associated with him and Ron Sanderson during the intervening years.
Well then; what has been the progress made in membrane technology and its applications since these early years? In all honesty we must say that it has not been spectacular, but nevertheless steady and rewarding with a number of major achievements and a high level of interest has been maintained, as is evident from what follows.
Lookin� first to research and development in the broad field of pressure-driven microfiltration. ultrafiltration and reverse osmosis processes. we see that the following significant achievements have been recorded.
• The development locally of techniques for the production of tubular cellulose acetate, polysulphone and polyether sulphone microfiltration, ultrafiltration and reverse osmosis membranes. Success has also been achieved in the production of tubular and flat sheet thin film composite membranes. These production technologies have been commercialized by Membratek,a South African firm now producing membranes and membrane systems for the local market.
• An achievement of particular significance was the development at Membratek of low cost membrane support systems for tubular membranes. The introduction of this technology made it possible for tubular reverse osmosis to compete successfully with spiral membrane systems in many fields, but particularly in applications where the feed water has fouling characteristics that would require expensive pre-treatment if spiral membranes were to be used.
• Self-supporting, inexpensive 9 mm diameter UP membranes have also been developed and have tremendous potential in wastewater treatment and for use in pre-treatment systems for RO desalination of surface brackish waters and for seawater.
Cross-flow microfiltration with woven fabric membranes has also been developed by the Pollution Research Group at Natal University and is finding pretreatment applications.
• The development of a porous fabric tubular filter press system has been another of the Natal Group's major achievements, more fully reported in another paper at this symposium.
Some progress has also been made with the development of new polymers for use with dynamicall y formed reverse osmosis membranes in combination with hydrated zirconium oxide.
Dynamic membranes are finding application in the treatment of textile mill effluents.
• Work is proceeding in the selection and synthesis of new polymers for use in the production of composite membranes, having improved resistance to degradation by strong oxidants, such as chlorine, that may be present in saline feedwater; to our knowledge local membranes of this type are not yet available for commercial exploitation.
Applications in the Ultrafiltration Field
Potentially ultrafiltration is one of the most promising membrane applications, because apart from its role in the water field it also has wide application scope in industry. The following are just a few examples of local interest.
• To start with dynamically formed UF membranes are being used successfull y for the treatment of wool scouring effluents in a demonstration plant fitted with tubular sintered stainless steel support systems.
A highly successful local application of ultrafiltration is the patented Anaerobic Digestion Ultrafiltration (ADUF) process in which the biomass concentration is increased using tubular polyether-sulphone membranes. One application is the anaerobic treatment of maize processing effluents in which the capacity of an existing digester was dramatically increased. (Note, this subject is dealt with in another paper at this symposium).
Other applications of UF include:
Recovery of electrophoretic paints in the automotive industry. Recovery of sizing material (poly vinyl alcohol) in the textile industry. Pre-treatment of seawater prior to RO desalination. Lignosulphonate recovery and separation of low mol mass sugars from sulphite mill black liquor.
Reverse Osmosis applications
The reverse osmosis process has a variety of applications in this country, but with few exceptions they are still on a relatively small scale. In addition a large number of pilot plant evaluations of the process have been successfully carried out, but for various reasons, mainly economic, they have not progressed to plant scale.
The following are the most noteworthy industrial applications at present: colour removal from textile dye-house effluents. reclamation of water for industrial purposes from secondary treated sewage effluent. Note: potentiall y this process could play an important role in a water deficient country such as ours. successful pilot scale studies with the 'seeded slurry' reverse osmosis process for the treatment of mining effluents and other effluents with severe scale-forming characteristics. treatment and recovery for re-use of cooling tower blow-down water from a major power plant (9 Ml/d).
Electrodialysis appl ications
As we have seen the electrodialysis (ED) process was the fore-runn er of the membrane processes in South Africa and it has invariably given very good service where it is applied. A feature of the local application of ED is that it has always been very conservatively and responsibly marketed and this is certainly a reason for its a high success rating.
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The main local application is a success ful example of cooling water desalination and re-use (10 MUd) at one of Bskoms power plants in the eastern Transvaal. A small er plant has also been used at another power plant for boiler feed water treatment prior to demineralisation.
Conclusion
In conclusion we wish to emphasise what was intimated in the introductory section and this is that while interest in the membrane processes grew apace from about 1973 and was stimulated by a perceived need for desalinatio n and water re-use in a water poor country, growth in the industry has been slow. We are confident however, that growing water shortages in the new South Africa and a stricter control over water pollution from industrial sources will provide the stimulus for renewed growth and vigour.
